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ll~NERGY FROM TIlE FARM

(By Dwight L. Miller, A..'istallt Dirretor t ort-llerIl nrgiollal n('~('11r('h Cent{'r,
, SICA/Alt, t ,S. DeparlIlH'Ilf. of Agriellltllr<\ Peoria, 111.)

The current 1 .S. transition period -from a past 0 r abnnnant, low
cost energy r:ny materials to a fuCnre of limiLcn supplies, hig-her
prices, ~~nd n}or? reha,ncc upon. foreign suppliprs .has grTlcrat.<'d. in
creased mtprest lTl agncllltllral i arm crops and their byproduds and
chemica] feedstocks. Com pletc or major deppndence on prtrolcum and
natura] (Tas for the fon~s(~('abh' future is no longer pos. iblr, or eco
nomica lly fpllsiblc.

Plants. til l'ongh photosynt Iw.. i.', provine <1i l'('clly or ind 1l'('ctly our
fooo, f('pd, :lnd fibpr, a,n<1 t hro\ gh (lpri at ivrs ill {'os.'il for III , ]l<l,VC pro
duced n'Sprv(~.' t.)Ult s\~ppl'y almost all r!H'l'g,' lIspd by devp]oprcl COlIIl
trips. 0111' d('\)('!\(lp!H'Y on tIJ(, c;lp:lcity of plal!ts /O('OI!\'('1"1 :-'O!ttI'Y ('llPl'gy
through lIte ba~i('. bio('hPllJical pr()('('s~('S Ihal 1'<'<111('(' (';Ir!>ol! (Iio,'ilil',
ill tl:c air to th(, bllilding blocks of JlHtllral raw Illatprials i:-:, t]H'I'('
fore, total. 0111' flit lin', and thnl- of tho eivilif,~'(l w0t-ld, J1l:ty thus 1><,
deppndpl\f, 01\ bdt('1' II,'P of pxisling crops a3H1 modifica.tioll of the
planls and t-hl'ir cn\ il'onJn('I\{. for m:L'illlll!lI lit iliz:d iOI\ of soJaI' ('n(~rgy.

Tho fut 111.'(' adeq IIney of I\at unll I'<'SOlIl'CCS, basod on ~tgrielll tll rc, is
controversin,J. Cmtall\ly food product ion will dO/llinnt'.(~ 0111' t.hillking,
tLJld IlJaIlY propol\ents il\sist thaI 1I.S. agri(~IJlt lire llillst be (kvo/p(l Pll
tircly 10 the production of food. JTowcv(',r, in the pa, t, impro\'C'mcnts
in prodllction, pl'OcC'ssing-. ano 1I1nrkC'hng, h:1\'P sllppli(~(l lncrensNl
1 nitp<1 St-at,P and \\'orl<lncec1s. 'VP ('<Ill ophmisiically ,'ny that, through
rcspal'ch, cOlllin1ling ilH'I'C'asps alld ll1on' dTi('.i('n{. produd ion a!Hl lise
or l>ioll1a.'s call lH' (\XI)('I·t('(L

There arc 200 to ;100 con mel'cial erops ill th(~ T nit cd States, 0 f
which 80 to 00 ('(1 n bC' (:hssed n,' major (TOpS. Y(~t, I]}('!"(~ are at ]Past
250.0()O botani('al sppc,iC's ill !l}(\, \Yol'll!. CIl('1l1ical ('Olllposition of the
pl:lnt kingdom is l<lrgply llllexploJ'('(1. It is ipc]lllicnlly f('asihlp to IIS('

or dl'\'('!o)> 1'('l\p\\':1bl(' raw 1l1:J!(rials 1'01' pl':1('tic:l1lv HllV 1'11('1. clH'l\li
cal. ano industTinl liSP. It is primarily a ljlll'st'iol\ 'of p('OI\Olflics,
Ethyl aleohol from hiomass, for C'xampk, i.' an cxcclknt liquid motor
fuel that is now undel' commcl'cializaJ.ion.

CF.TIFALS

Cerral grnins nn' tl1<' 1 nitpd Statrs' most. almJ1oant. raw mat(',rials
produced by ell ltivation.· Tlw a. \'pragr eomposit 10n of the most. com
mon 011('" aI'(' ~h()wlI ill fabl(, I. Till'.\' :J11 ('Ollt:lill ,'tar('h as the' prill('ipa<l

(12:n



[I n pcrcentl

TAI3LE l.-AVERAGE COMPOSITION or CEREAL GRAI S 1
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Other
Starch Protein Oil Fiber constltuenls I

64 14 2 18
69 10 2 17
72 10 2 11
71 13 2 11

compollPnt.. SI:1r('11 C:I1l 1)(" rt'adil. cOllverh'<1 to <,thyl alcohol by fer
mentaLion, as she \:ll in figll re, 1.

Tho theor ~tic:a.1 yi(~ld of rt.hyl alcohol per ponnd of starch is a.5GS
pound. In adual ('01l111H'r ,ial practicr, yirld.- gen<'rally are no-nf) per
cent of theordical. Corn is t1w m:tjor 1 .• _ ('r1"(':1 I crop :l1ld ha: he
eomo Ill(', basi.' for 1I10.·t C.IlIT('nt. ev:tlllalion 011 tlH~ productio1l of
ethanol from cerc:t! grnins (sla.rch). About 2.G lUI hydro11S gallolls of
alcohol call be produerd from a in shel of corn. l~epre en 'ltive produc
tion of cereal grain in 1978 was a.' follow :

1 Moisture· :rec i. '~IS_

2 Minerals, sugar~, .,entosans, and vitamins.

Grain

Hard wheaL. _
SottwheaL _
Dent corn. _ ___ • _
Sorghum___ _ _

U.S. IJroduction. of cereal grains, 197R
']'01/8

Corn -_____________________________________ 10. ,OOO.(~O
'Vhcat 54,000,000
Sorg~unl ~_ 21,000,000
Rice ._______________ 0,900,000

Manufacture of ('thyl alcohol from lower quality grains, surplus
grains, or grain process byproducts~ is the most promising source of
alternate motor fuels for the nexf·5 to 10 years.

H1':i'I1ll-E,' .\:\1) BYPHOlllTC'(\

All crops produce re. idues; their availability Rnd location are of
major importance. 'Vith ellrr('nt advanced farming techniqut's, mo.st
residues remain in th(~ field after harvesL Some residues mu t remaIn
on the land for fcrtility and erosion controls. IImycver, the total quan-
tity is large, amounting- Lo a,bout 2 times the primary crop. .

Repr('senLativc 1 .•. n'sidurs and their disLribution are shown 1TI
figures 2, 3, 4, and 5.

Crop byprodllets and animal rrsidues are not now used industrially
to any great extent. IIowever, most crop byproducts are highly cellu
losic. Cellulosl' (:1, earbohydrate) can be converted to ethyl alcohol
by fermentation, and OfT<>L futun> significant potential for this use
aE a chemical fc('(lslod-. SOllle of tlw.e potcntiaL nrc. 110'Y11 in fig-nre?

Anaerobic ferment a tion of organic materials, such as animal reSI
dues to biogas (nH't hanC', CO 2 , 01 hcr goa. e. ), cOlllo provide significant
energy raw materials as shown in fignre 7. Gas produced by this proc
ess contains 50 to 70 percent methane. The nmollnt of biop.-as gener~t.ed
depends upon thc t.ype 0 f r('sidue and opeI'Rtin,o- condition.. QuantItIes
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range from 3 to 13 ft:l/lb of dl]' 1l1atter. Gpllel'ally, a ton of dry residue
will yield about 10,000 ft:! of gas.

NEW CROPS

Potentially, there are unlimited new crops for energy. These are
fast-growing crops such as kCllClf, 1'0 dIe, .'0 rg.hums, anu crotalaria.
Chemically, these Hber crops are similar to wood, and their annual
production raLl is high. renal' yield.' of 10 1,0 2.) dry tons per year
have oeen experimcntally achieveu (figure 8). '1 hey may contribuLe
significantly Lo future nergy from the farm.

SUMMARY

The future of naLural rene able raw materials from the farm as
energy and chemical raw material.' is excellent. Thcre is every reason
to believe that. large volumes will be available if the technology is
developed all I t ll(\ economie incentive is provided.

)fEW CHOP OI'l'OHTU IT)'

Of the 2:10,000 botanical :pl\cip:: 1'1'01ll ~() to DO proc1ll(,c CI'Op. in
the 1 nitcd ... tates \,'orth more than ,,'1111i1Iiol1' onlv 200 to :100 are ll.'cd
for commcrcial crops. .

Pas!' drorL'. largely agl'ollo~ui(~ all'l ~() g(\Il(\rate Ilew variet it's. The
chcmical COlllposihon of plant hngdom i:-i larg(\ly llllknoWll.

FIGURE 1



U.s. Agricultural Residues and Byproducts -. Quantities and Locations
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Agricultural Residues
Total U.S. 677.988 x 1000 t ns

FIGURE 3

Straw
IFlu, Wbeat, Rye, Ric" Oats, BuleYl

Total U.S. 139,424 x 1000 tons

1977

1977

U.S. Agricultural Residues and Byproducts -- Quantities and locations

11
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U.S. Agricultural Residues and Byproducts .. Quantities and locations

1917
Corn Stover

Total U.S. 178,86. x 1000 tons

\' ..
FIGURE 4

U.S. Agricultural Residues and Byproducts .. Ouantities and locations

1977
US D,p' I.. 1ft I 0 I Allicull",

Animal Residues
Total U.S. 185,562 x 1000 tons

FIGURE 5



1) Enzymatic saccharification
2) fermentation
3) Chemical hydrolysis
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